Haemaccel, crystalloid solutions and dextran-70 were used to maintain normovolaemia since plasma and albumin solutions were unacceptable to the patient. The use of crystalloid or colloid in acute hypovolaemia remains an area of much debate with some authors favouring crystalloid and others colloid. 5 -7 The combination of crystalloid and colloid used was based on the clinical condition of the patient at the time. Serum albumin fell to 8 g.l-I and contributed towards the development of pulmonary and peripheral oedema ( Figure 2 ). The pulmonary oedema was treated with ventilation, PEEP and frusemide.
Reduced oxygen consumption can be achieved by surface cooling, muscle paralysis, controlled ventilation and barbiturate infusions. We employed surface cooling to maintain normothermia, heavy sedation, muscle paralysis and IPPV. During the first three days the average oxygen consumption was 190 ml.min -I with a mean mixed venous saturation of 76.8% (SO 3.9) indicating that oxygen supply was adequate.
Optimising the conditions for new red cell production requires the provision of adequate substrates including iron, nutrition and adequate marrow oxygenation. We utilised TPN, converting to enteral feeds when possible, and an iron-dextran infusion as recommended by Dudrick. 8 Under this regimen the Hb rose by 3.2 g.l-I.day -lover the first two weeks. We considered the use of recombinant human erythropoietin, but though it has been slow to enhance erythopoiesis in postoperative baboons undergoing laparotomy and exchange transfusion,9 its value in humans with massive haemorrhage is uncertain. 10 The mean rate of rise of haematocrit over the first two weeks was 0.0 I.day -I. This figure compares favourably with a similar Jehovah's witness patient who bled to a haemoglobin of 47 g.l-I and was given erythropoietin. 10 We conclude that optimising oxygen delivery to the periphery without compromising the myocardium can best be achieved by insertion of a Swan-Ganz catheter and continual ST segment analysis. This is useful in patients with critically low haemoglobin levels since it allows inotropes to be titrated, oxygen-supply demand to be monitored and myocardial impairment to be detected early.
Continuous epidural infusions of bupivacaine are becoming a popular method of providing analgesia after abdominal and lower limb surgery in children. Experience in adults has shown that sensory levels regress during continuous infusion even when high volumes and concentrations are used. I This may not be so in infants and small children. We report a case of an infant who developed a high sensory level, bradycardia and ventilatory depression on two separate occasions during the course of a bupivacaine epidural infusion.
CASE HISTORY
A nine-month child weighing 10 kg was admitted for an elective removal of the left kidney which had been non-functional since birth. His renal function was normal and he had no other known medical problems.
The patient was given trimeprazine syrup 1.5 mg.kg-I ninety minutes before surgery and was drowsy but cooperative on arrival in the operating suite. Anaesthesia was induced with nitrous oxide, oxygen and halothane, intravenous access obtained and vecuronium 0.15 mg.kg-I given to facilitate intubation. The patient was ventilated with an appropriate fresh gas flow for an Ayre's T-piece circuit and anaesthesia maintained with 70% nitrous oxide and 0.2-1 % halothane in oxygen. An epidural was inserted before surgery from a midline approach at the Ll-L2 interspace with a 19 gauge Tuohy needle and a 0.63 mm diameter single endhole epidural catheter (Portex Minipac: 100/391/ 019). The epidural space was identified by loss of resistance to air at a distance of approximately I cm from the skin with the Tuohy needle oriented to facilitate rostral threading of the catheter. No blood or CSF was seen during the procedure and the catheter was inserted without difficulty at the first attempt to leave the tip 5 cm in the epidural space. During surgery, bupivacaine 0.25% was injected into the epidural catheter to maintain the systolic blood pressure and heart rate within 20% of the baseline values. The procedure lasted 75 minutes, during which time a total of 6 ml of 0.25% bupivacaine (I5 mg or 1.5 mg.kg-I) was given. The last increment of bupivacaine (2 ml) was given 30 minutes before the end of surgery.
On arrival in the postoperative recovery room, the patient was wide awake, crying and moving all four limbs. An epidural infusion containing 0.166% bupivacaine in 0.9% saline was commenced at a rate of 2 ml.h-I (0.2 ml.kg-I.hrl). This delivered bupivacaine at a rate of 3.3 mg.hrl (0.33 mg.kg-I.hrl). During the hour-long stay in the recovery room, he settled without additional analgesia and his blood pressure, heart rate, ventilatory rate and oxygen saturation remained within normal limits.
Three hours after commencing the epidural he was noted to be increasingly pale and lethargic and his heart rate dropped periodically to 75 beats per minute and his oxygen saturation down to 80% in air. Blood pressure was recorded at 98/49 mmHg.
The ventilation remained between 25 and 35 breaths per minute but was shallow. The epidural infusion was stopped oxygen was given by face mask, blood taken for whole-blood glucose and plasma bupivacaine and 80 ml of intravenous dextrose/saline infused. The child had good movement against gravity of all four limbs and the wound at T8 remained painless but he had minimal response to pinching of his ear lobe. No further treatment was required; heart rate and ventilation returned to normal within fifteen minutes and the systolic blood pressure rose slightly and stayed between 110 and 120 mmHg. The whole-blood glucose, measured by enzymatic technique (glucose oxidase), was 7.0 mM. I-I. The plasma bupivacaine was measured as 0.92Ilg.ml-l, using a standardised assay with high performance liquid chromatography.2 This has a coefficient of variation for extraction of less than 5% and a coefficient of variation for measurement of 2.86% at I Ilg.ml-I and 2.12% at 2 Ilg.ml-I.
The catheter was withdrawn 2 cm, and the infusion recommenced 30 minutes later at 1.0 ml/hr. This was half the previous rate and delivered 1.66 mg of bupivacaine an hour (0.166 mg.kg-I.hr l ). Cardiovascular and ventilatory parameters were stable for the next 90 minutes, until episodes of bradycardia were again noted. At this stage the epidural infusion was ceased, and the catheter removed. The child again recovered rapidly and when pain returned 3.5 hours later, he was managed with an intravenous morphine infusion. The subsequent course was uneventful, and he was discharged from hospital on the fourth postoperative day. DISCUSSION We believe that this patient developed a rising sensory block which was undetected until extensive sympathetic block resulted in bradycardia and decreased cardiac output. The observed ventilatory depression may be due to cerebral hypoperfusion 3 or ventilatory muscle paralysis, 4 but the latter explanation seems less likely for this child, given the low concentration of bupivacaine used and his continued ability to move his limbs during the incident. Other explanations for these events include the spread of local anaesthetic to the subarachnoid or subdural spaces, systemic bupivacaine toxicity and effects of supplemental analgesics or sedation.
In adults having postoperative epidural bupivacaine infusions, the level of sensory block regresses. I Postulated causes include tachyphlaxis to local anaesthetic agents, or increased peripheral afferent input and spinal cord excitability after peripheral trauma. Desparmet et al. 5 used continuous infusions of bupivacaine 0.25% at 0.08 mlIkglhrin children (aged from eleven months to fifteen years), and stated that the upper level of analgesia was stable. However, the problem of assessing sensory level in infants, coupled with the minimal haemodynamic changes in children under eight years of age, 5-8 results in difficulty in detecting an ascending block. The first signs of high extradural block may be bradycardia and ventilatory insufficiency as was seen in this case.
Subarachnoid block is an unlikely explanation for this patient's behaviour. He had received a total of 6 ml of 0.25% bupivacaine with the last 2 ml given 30 minutes before the end of the procedure, and subarachnoid injection of this volume and concentration would have been associated with gross motor block in recovery. A subarachnoid infusion of 0.166% bupivacaine at 2 ml.hr l might produce central nervous system depression in the absence of obvious motor block. However, this would not explain the second incident two hours later after the catheter had been withdrawn 2 cm and the infusion restarted.
Cases of subdural placement of epidural catheters confirmed by injection of radio-opaque contrast have been reported. 9 • IO Subdural spread of local anaesthetic results in extensive sensory block with minimal motor block or hypotension as the anterior nerve roots are relatively spared. The onset of symptoms are usually within twenty minutes of the initial dose_ Hartrick et aL II reported a case of subdural migration of an epidural catheter in an adult, resulting in a rapidly ascending sensory level on the fourth day of a previously stable bupivacaine infusion. It has also been postulated that multihole catheters may be placed both in the subarachnoid or subdural space and the epidural space. However, in this patient a 23 gauge single end-hole epidural catheter was used and simultaneous injection into two layers is unlikely.
Systemic bupivacaine toxicity may produce bradycardia, ventilatory depression and altered state of consciousness. Plasma bupivacaine concentrations were being monitored in this child as part of a clinical study and an additional sample was taken during the first incident. The plasma levels were well below those associated with systemic toxicity, and were similar to values reported in other children having either continuous or increment doses of bupivacaine. 2 ,5,12 No opioids were used in the perioperative period either epidurally or systemically, and the patient had been alert both in recovery and on the ward until the first episode of bradycardia. If epidural opioid had been administered in conjunction with bupivacaine in this child, it is likely that the former agent would have been implicated as the cause of sudden ventilatory depression with arterial oxygen desaturation and bradycardia.
The conclusion that this event was caused by a rising epidural block is based on circumstantial evidence and cannot be proven. However, there are factors peculiar to the infant population which increase the risks of high block during an epidural infusion. Studies with caudal and epidural injections of local anaesthetics in children show a reasonable linear correlation of the level of sensory block with both age and weight,13-15 but there is substantial variability. In the study by Busoni,13 eight per cent had levels of analgesia more than two dermatomes outside the predicted level, and Dalens l6 has claimed an even greater variability in infants. The epidural space becomes narrower rostrally and small volumes of local anaesthetics injected into the thoracic epidural space can produce relatively high blocks due to extensive spread. The final position of the tip of an epidural catheter is unknown and unfortunately this is critical to the subsequent spread of local anaesthetic, particularly when delivered through a single end-hole catheter (used in this case), which produces an asymmetrical spread of the solution. 16 The tip of a catheter placed 5 cm into the epidural space from LlIL2 (as in this case) may lie as high as the middle thoracic area if it threads rostrally without deviation_ The use of an infusion rather than a single injection may further compound differences in epidural volume with time to produce a gradual rise in the block, which is difficult to detect in small infants. Other suggested factors which may contribute to unusually high blocks are the effects of gravity and increased intraabdominal pressure. 16 This patient had been nursed flat and did not strain or cry after leaving the recovery ward. Epidural infusions with bupivacaine have been adapted from obstetric and postoperative analgesia in adults to children, infants and neonates. Although few complications have been reported, the experience is limited. This case supports the need for close supervision of children having continuous bupivacaine infusions after surgery. The fastest way of gaining surgical access to the airway is by cricothyrotomy which can be performed within ten seconds. 1 It is the technique of choice when there is a complete supraglottic obstruction and orotracheal or nasotracheal intubation is not possible. Standard surgical tracheostomy is often performed when an elective surgical access to the airway is required,2,3 although recent experience with percutaneous tracheostomy (peT) techniques suggests that this may be a safer and a more convenient alternative. 4 -9 When a patient has severe supraglottic, partial airway obstruction, airway access is required urgently, and often within ten minutes. In these circumstances the best method of airway access is not clear. Because a peT can be rapidly performed at the bedside and under local anaesthesia, it has many potential advantages compared to the standard surgical technique. la We reviewed our experience with four cases in whom peT was used successfully and describe one case in detail. eASE REPORT A 56-year-old man was referred to the Royal Adelaide Hospital with a two-month history of hoarseness and increasing stridor. On admission he was alert, anxious, with inspiratory difficulty and an audible stridor and was unable to speak. Indirect laryngoscopy revealed a large laryngeal tumour involving his right vocal cord which was obstructing his airway almost completely. He was admitted to the intensive care unit for observation before an elective surgical tracheostomy, which was planned to be performed within six hours. The patient became progressively more unrousable, with a reduced inspiratory effort. Blood gases revealed that the PaC02 had increased from 40 mmHg on admission to 60 mmHg. As urgent access to his airway was required within a.few minutes, a decision was made to perform peT under local anaesthesia.
Urgent Airway Access -An Indication For Percutaneous
The technique was performed by injecting
